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NAGA ARR No. TL¥O7
NATIOMAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE SN 1 P OR T

THE EFFECT OF HIGH WING LOADING ON LANDING

TECHNTIQUE AND DISTANCE, WITH EXPERIMENTAL
DATA FOR THE B-26 AIRPLANE

By E. B. Gustafson and william J. 0O'Sullivan, Jr.
SUMMARY

A analysis of the effect of wing loading on the
landfng flare (that is, the leveling-off part of the
landing) indicated an important effect on landing technique
and distance. In order to check this analysis, flight
tests were made with a Martin 3-26 airplane loaded to
50 pounds per square foot. It was-found that, for reason-
able accuracy and safety, the pilots used power to main-
tain the desired speed margin and to limit the rate of
descent at the start of the flare to about 25 feet per
second. Other measured values essential to flare calcu-
lations include the following: minimum consistent value
of excess speed at start of flare, 25 percent; maximum
ratio of lift coefficient ¢y to maximum lift coeffi-

cient ¢ consistently reaahed, 85 percent; time
Lma‘

max
required to reach this ¢y, 2 seconds; time required to
reduce the ¢y value to that for level flight at the end

of the flare, 1 second. Since these allowances do not
differ widely from those needed at low wing loadings (with
the exceptfon of the definite limitation of vertical
velocity), 1t is concluded that the effect of an increase
in wing loading on the flare path, for any airplane
reasonably similar to the one tested, can be satisfac-
torily calculated.

INTRODUCTION

_ Increased wing loading, for purposes of landing-
distance studies, requires primarily an increase in the
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value of stalling speed used, with consequent increase
in the approach speed and the speed at ground con- .
tact, For the power-off condition, changes in lift-
drag ratio LD or maximum lift coefficient CLmax are

secondary. If the landing technique remains unchanged,
therefore, the size of field needed will increase markedly
because of the higher horizontal velocities. The dif-
ficulty of exercising sufficient judgment in executing
the landing flare (the leveling-off part of the landing),
in order to avoid dangerous vertical velocities at the
instant of contact, will also increase because of the
increased vertical velocity in the approach. The
analysis reported in reference 1 showed that the tech-
nique required for the shortest ground run was not
affected by wing loading and that the length of the

run increases in almost; exact proportion to the wing
loading. An analysis of the effect of loading oh the
landing flare, however, showed not only an increase

in the horizontal distance from an altitude of 50 feet
to the end of the flare but also an increase in the
height at which .the flare must be started. 1t was ,
apparent from this analysis that some change in the tech-
nigue used, either in the approach or in the flare or in
both, was to be expected, 1In order to determine whether
the theoretical flare calculations adequately repre-
sented the changes that the pilots found necessary,
landing tests with an airplane of high wing loading

were considered desirable. A B-26 medium-bomber air-
plane was used for these tests.

THEORETICAL TREATMENT PRIOR TO TESTS

Step-by-step calculations of the flare path were
made for four stalling speeds and for four amounts of
excess speed at the start of the flare, with the same
glide angle, the same L/D, and the same lift coefficients
assumed in all cases. The initial calculations were
made on the assumption of an instantaneous change
in Cr, from the value used in the approach to a con-

stant value maintained throughout the flare. A studyof
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data on actual landings resulted in the modification of
these calculations on the assumption that the 1ift-
coefficient change occurred during an interval of

2 seconds and that the change occurred in the form of
a sfne wave.

_ These theoretical calculations indicated that
increase in wing loading produces the following signi-
ffcant changes:

_ (1) The height at which the flare must be started
increases almost directly with the wing loading.

(2) The time required for the maneuver increases
as the square root of the wing loading.

(3) The loss in speed during the flare is a con-
stant percentage of the stailing speed.

(.) The horizontal distance from a height of
50 feet to the end of the flare (that is, to the point
at which zero vsrtical velocfty is reached) increases
about 35 percent If the wing loading is increased from
25 pounds per square foot to 50 pounds per square foot.

It was further obvious from general considerations
that an error in the judgment of the pilot in executing
the flare with an airplane of high wing loading would
bring much more serious consequences than the same per-
centage error In technique with an airplane of low wing
loading.

APPARATUS AND TESTS

The appearance and general arrangement of the
Kartin B-26 medium-bomber airplane may be noted in
figures 1to 3. The longitudinal axis of this air-
plane is identical with the thrust axis; dimensions
and other details are as follows:
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Attitude angle of longitudinal axis, static
rosition, deg « + + « « + ¢ o o 4 4 s o v 4 o e .+ O

wWing
Area, total (including ailerons and fuselage),
o R i Y o R
Span, £ . . « o w0 . . B &)
Taper ratio (ratio of root chord to tin
chord). « « « ¢« v v v v o ¢ v v e 4 e . B
l\ﬁ.A'.C., ft = o= . I T : o o« o 10,
Distance of Ieadlng edge of Chord (M. . Cos
rotated to parallel with thrust axis about
guarter-chord point)

Behind nose of atrplsne, ft « « +« + . . . . 20.1
Lbove longitudinal axis, ft « « « « + + o 1.8
ALrfoll (Toot) « + v ¢ o « « o « . . o NACA 0017 -6l
Airfoil (tip) « & v v « u s « « « « « NACA 0010-6L
Angle of incidence (r00+ and tip), deg .+ « o+ o 3.5
Dihedral (leading edge), deg « &« «. v s« « o o 1.3
Flap (balanced split}
Area, total effective {excluding projected
arsas through furelage end nacelles), sq ft . 58.1
Span, actual (including 7.l £t through
fuselage ana 3.2 ft throuwn each nacelle),

L H e 1 T~
Shord (constant width), FE L e e e 5.7
Deflection from retracted posftian,

maximum, deg . a + e 6 e s m o m om w owmoe 4 s e 55.0

Ailerons (Frise)
Area, total (one aileron including tab), sq ft 2l. %
Snan (one aileron), ft . « & & « &« « & . « 13,
Chord (hinge axis to trailing edge}, percent

V\!i ng -Cho }?d L d L] [ ] R L] R . . L) [ [ ] L ] - L] " < .- - [ ] 20 [ ] 2
Deflection from position contiruous with wing,
deg

MAXIimum UD ¢ o & s o 8 s 6 s e s e s e
Vaximum QOWN  « 1 s 5 s « w2 o a x e w m s e Libe

Neutral position (up) « . . .« . . 0.
TMaselage
Length, over-all, ft . . . & s . . o oeowox s 58.2
Diameter, maximum (C|rcular) e . e
Angle with respect to longitudinal axis, deg -1.0
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Horizontal tail surface
Area (including fuselage ahead of elevator
hinge axis), sq ft « v + & & & & & & & & & .118._?
Span, £t « + & A
Angle of |nC|dence of stablllzer deg S n e 1.0
Dlhedraldeg................80
Elevator
Area behind hinge axfs (both elevators
including tab), s ft + « « + & & « « . L4l.1
Area ahead of hinge axfs (both
elevators), sqg ft . . . . . e .. 129
Distance of hinge axis (at plane of
symmetry)
Behind nose of airplane, ft . . . . . 5l.L
Above longitudinal axis, ft . + « . « 2.0
Maximum deflsaction, deg
0
0

Up . | ] | ] n n | ] | ] | ] | ] | ] L] L] L] [ ] [ ] [ ] [ ] L}

=N
> O

DO Wn [ ] [ ] [ ] [ ] [ ] [ ] [ ] n n n n [ ] [ ] [ ] [ [ ] [ ]

Yertical tail
Area, total (excluding fuselage), sq ft . . .
Span {excludirg fuselage), ft . . . « « + .« .
Pudder
Area behind hinge axis {(including tab),

(op)
(o] )&}
w—

T T 1 =Y =)
Area ahead of hinge axis, sq ft 8.3
Distance of hinge axis behind nose of
airplane (at root), ft . . + « « « « « .« L9.8
Maximum deflection, deg « + + s s s &« &« &« & £25,0
Landing gear (retractable tricycle)
Distance between center lines of main wheels,
£t . . . c e . . . . 219
Theel axle Iocatlon (alrplane stat1~ Ioad
28,512 1b)

Main Wh_eels
Behind nose, ft . . .« .« . ., . . ow 2l

Below longitudinal axis, £+ . . . . 5.%
Nose wheel
Behind nose, ft . e e e e 5&

Below Iongltudlnal axfs ft . .. ..

Englnes Two engines, power rating (normal, one engine)
1500 bhp at 24,00 rpm at 7500 ft

Propellers: L blades, 13.5-ft diameter; constant speed
or manual pitch control; full feathering
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Teight and center of gravity position
Normsl lonading
Weight, 1b 4 & v v & & & + & = + « = « « 28,512
Center of gravity (landing gear retracted)
Crew at flight stations, percent M.A ¢. 1.8
Crew at battle stations, percent M.A.C. 16.5
Maximum loading
Teight, 1b v v « & « s h e ow e s oo 231,121
Center of gravity (landing gear retracted
and crew at flight stations), percent

r"\"}:'-«é‘l.cﬁ [ ] | ] | | | | | ] | ] | | | ] | | [ ] | ] | | | | L ] | ] 16'9
Distance of c.g. below longitudinal axis
{approximate; 21l conditipns £f£ v v om0 0.3
Heigﬁ% o c.3. above aroun , a:?.f‘plane at
rest, ft | ] | ] | ] | | | | | | | ] | ] | ] L ] n | ] | | | ] | ] | | | ] | | | | 7'2
Horizontal distance from.c.g. to main wheels,
airplane at rest, ft « « « « « « o o o« o« o« . 2.6
Moments of inertia(approximate) , slug-ft2
Pitch [ ] | | | | [ ] | ] | | | ] | [ ] ] | | | ] | ] | | | ] | L ] L ] 769000
R()ll | | | | | | ] | ] ] ] ] [ ] [ ] ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] L ] 70,000

‘:Z'ng | ] L ] L L ] L ] | ] ] ] ] ] ] ] ] ] ] ] ] ] ] | ] [ 12_‘.2 a OOO

The airplane, as ballasted for most of the tests,
had a wing loading of 50 pounds per square foot and a
nower loading of about 10 pounds per horsepower, In the
first part of the tests, the airplane was somewhat lighter
than these vealues indicate. The weight corresponding t0
each landing is shown in the summary table (table 1).

A1l landings were made by NACA test pilots having
wide experience with other types of airplane but no
experience with the B-26 airplane prior to these tests,
Although an attempt was made to cover a fair range of
power settings and speed margins for the approach con-
dition, the primary objective was to produce abrupt
flares after an approach at the steepest angle and tho
lowest speed considered by the pilots to be reasonably
safe; that is, the pilots attempted to use technique con-
ducive to the shortest possible total.run from a height
-of 50 feet. A number of landings also were recorded in
which the personal choice of the pflots determined the
technique used.

A31 landings were rade at Langley Field, Va. Some
tests were made between November 1L, 1941, and December 7,
19L41; the remainder of the tests were made between July |,
1942, and August 15, 19h2. A1l landings in the first
series (referred to herein as the 1941 series) were made
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on bare, dry, concrete runways. Tests of the second series
!referred to herein as the 19,2 series) were made on con-
crete runways coated with camouflage material consisting

of sawdust spread on an asphalt binder. The surface of the
runways was sometimes moist from rains on previous days

but was covered with water only in, the instance noted in
the summary table (table I).

necording instruments installed during the 1941 series
of tests included the following:

NACA three-component accelerometer

NACA rolling-velocity recorder

NACA pitching-velocity recorder

NACA airspeed recorder

NACA mechanical-optical control-position
recorders arranged to record position of elevators,
ailerons, rudder, throttles, and all three shock
struts

The hori zontal and vertical displacements and the attitude
angle 0f the eirplane were recorded by two phototheodolites
stationed on the landing field. The phototheodolites and
their uses are fully deseribed in refsrence 2.

_ In the 19442 ser'ies of tests the following additional
instruments were installed in the airplane:

NACA two-component accelerometer, normal and longi-
tudinal elements (of greater sensitivity than the
NACA three-component accel erometer)

Statoscope

Hydraulic pressure recorder connected to brake lines

¢iné-wodak motion-picture camera for obtaining tire-
deflection data in impact

The control-position recorders for ailerons, rudder, and
shock struts were omitted during the 192 series of tests.

The accelerometers and the angular-velocity recorders
were placed at (or close to) the center of' gravity of the
airplane. _All instruments in the airplane received timing
'impulses from a single NACA timer. Synchronization of the
two phototheodolites with the instruments was effected by
firing a flash bulb (visible in the phototheodolite records)
in the nose of the airplane and simultaneously operating a
solenoid that produced a break in a record line on one of
the instruments.

PRECISION

The precision of the measurements is believed to be
within the following limits:
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Vertical displacement from phototheodolite, ft .

Horizontal displacement from phototheodolne ft . . £10
Vertical dlsplacenﬁent from statoscope, ft .. . . , ¥10
Attitude engle, deg .« « « ¢« & ¢ &+ o s ¢ 1+ = 2 = .X1,0
\/enncal velocity, ft/sec .« « ¢« , , &« v ¢ & & o o« %3
speed, MLI1ES/MP ¢ o & & s 6 ¢ 4 4 0 o 4 xoae . . E2

Manifold pressure, iN. HZ « +« « « ¢« « s o « o« + x 4%0.5
Control surface angles, deg - 6
Pitching vslocity, radian/sec =« « & ¢ « o « o« « »10.00
Rolling velocity, radian/sec « » + &+ +« =+ « » 1 20.01
Normal acceleration, g « « + « o« . s+« o« . . » t0.05
Horizontal accelsration (two- mmnponent

INStrument), g « « « + & 5 & o 5 s o 2 o 2 o o+ « *0.03
Horizontal acceleration (three-component

instrument), € + s v o o ¢ me 4 e = .. . .« . ¥0,0
Transverse acceleration, g , « « = s+ s 1+ » « o « 0.0
Breke=-line pressure, 1b/sq in, € e 4 e s e s s 10

These values are based on scatter of »oints,
dif ferences between original and reread values, =nd in
some cases on comparison of results From different
instruments or results obtalned by different methods,

RESULTS

The results of the measurements are summarized in
table T. The data are presented as time histories in
figures I to 29. The time histories have been grouped
accordzng to the amount of data presented and the groups
are introduced in the order of their significance to the
study of the air runs. The time histories that are of
primary interest in studies of landing approsch and flare
are given in figures I to 1l;. TFor convenience, the figure
numbers corresponding te the varfous landings are listed
in table 7., At the speeds covered in these tests, the
effects of compressibility are so small that the air-
speeds given mag be considered as either the observed
airspeed corrected for installation and instrument errors

or Vol/2 whers Vv is the true airspeed and o is the
density ratio.

Examination of the time histories indicates that
many of the records taken during the glide and flare,
including the normal acceleration and the elevator posi-
tion, are rather unsteady. Such unsteadiness IS common
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in landing records. The degree of unsteadiness has been
shown, in some previous tests, to be much greater in rough
air than in smooth afr. The degree of unsteadiness is
also undoubtedly dependent to some extent on the degree

of stability and the type of the control balance and the
nature of' the response of the particular airplane.

Results of glide-test measurements of the LD of
the airplane over a range of conditions appropriate to
the various landings are given In figure 30. The values
are termed "equivalent" L/D's because they include the
effect of propeller thrust, Measurements of this kind
were necessary for the theoretfcal treatment shown in
figure 31,

DISCUSSION

Approach and Flare Path

Vertical velocity in approach.- It became apparent
early in the tests that steady power-off approaches would
result In vertical velocities, at the beginning of the
flare, thst equaled or exceeded the vertical velocity
which the pflots could consistently handle with safety,
The choice of a specific vertical velocity for the
approach, above which too much safety and accuracy are
lost, is necessarfly somewhat arbitrary, Consideration
of the comments of the pilots together with study of the
data obtained, however, led to the choice of a value of
25 feet per second, The basis for the choice is most
readily understood if the landings are considered in
three separate groups.

(1) Power-off landings: Under the proper conditions
and after sufficient experience had been obtained, the
pilots made several landings in which the throttles were
closed long before the end of the approach and were not
reopened, In one instance, the throttles were closed at
an altitude of 1500 feet and were not reopened. Values
of vertical velocity up to 37 feet per second resulted
at the start of the flare. These landings are consfdered
exhibitions of piloting skill. The records indicate that,
for these landings, the airplane tended to level cff too
high and to "balloon" (rise) at the end of the flare. This

diti necessitated s nd approach and flare of
%?ﬁlahelrorﬁroporaons. (geee (igs,dapan% 9.?
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(2) Power-on landings: For comparison with power-
off landings, a number of landings mere recorded in which
the pilots used. consfderable power (wanifold pressure,
about 20 inches of mercury) and started the flare with
vertical velocities of about 15 to 20 feet per second.
During these landings there was no tendency to balloon
and fn several instances ground contact was made without
completing the flare_but without any abnormal shock in
impact. (See figs. 7, 21, and 2!y and table 1.) Thess
landings include landings in which the pilot was not
following any special instructions and was using the
technique that; he felt provided the greatest safety.

(3) Landings with moderate power: In_the majority
of landings the pilots made the approach with the highest
vertical velocity considered reasonably safe. *anifold
nressures of about; 10 to 12 inches of mercury were used
in the approach and the flare was started wfth a vertical
valoeity of 20 to 20 feet per second. The accuracy with
which the flare was completed appears marginal In these
landings; that is, some records showed a tendency for
the airplane to level off too high and to balloon, while
others did not, with no definite correlation with the
vertical velocity apparent.

Consideration of these three groups of landings
Indicates the following conclusions: The power-off
landings, with vertfcal velocities of %0 to LO feet per
second, are fn no sense practicable Or common maneuvers.
The power-on landings, with vertical velocities of
20 feet per second and less, produce accurate flares
that cause no necessity for an additional maneuver before
making ground. contact. The accuracy arid practicability
of the landings with intermediate power settings and
vertfcal velocities between 20 and 30 feet per second
are marginal. The average of the marginal values,

25 feet per second, is considered a rational limiting
value for use in flare calculations,

Speed. margin in anproach,- Calculations of the flare
path require also an ‘assumed! speed margin. The excess
speed maintained in the approach during the various
landings is given in table 1 as a percentage of the
stalling speed (as obtained from measurements at altitude)
for the corresponding power and flap settings. |If allowance
iz made for the fact that the landings made at the highest
power settings were not strictly test landings and that
the pilot was allowing a grsater margin of safety than
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in the other landings, a tendency toward the reduction

of the spesd margin with increase in power setting and
decrease in vertical velocity is then ap|i)arent. The
tact that the power-on approaches, with low vertical
veloeity, were made with outstandingly low horizontal
velocities results to a large extent from the higher
maximum lift coefficients which apply to the power-on
condition. It is common in piloting experience to find
that the stalling speecd 1S much lower with power on than
with power off and. I s immediately increased when the
nower IS reduced. Application OF power in making landings
therefore makes possible both a slower approach and a
more rapid lift reduction for a "spot" landing than could
be obtained with power off,

Consid-eration of the purpose and the conditions for
the various landings resulted in the selection of a value
of 25 percent of the st=lling speed as a logical value
of excess speed for use with an assumed vertical velocity
of 25 feet per second. It is noteworthy in this connection
thst, when a flare was begun with 21 percent excess speed,
the airplane stalled prior to completion of the flare
(landing 7, 194L2; see fig. 6).

Percent of chaX used in landing flare.- The maximum

ratio of Cp, to CLmax used 1nh the leveling-off psriod.

has been tabulated in table I for the various landings.
Because the power setting usually was changed during the
flare, the values used for CLmax often do not correspond

to the stalling speeds used in calculating the speed margin
in the approach. No correlation of ratio of ¢y to C

with vertical velocity of approach, or any other factor,
is apparent. values of this ratio of about 90 percent
usually were reached in the tests. These values are peak
values; inspection of the time histories indicates 35 per-
cent to be a logical value for use in any calculations
which require that the value 'be sustained for an appreci-
able period, This value of 35 percent is slightly less
than the actual. average but, in view of the obvious
seriousness of stalling during a flare started at high
vertical velocity, a margin of 15 percent would seem

the lowest value that should be suggested for consistent
use.

ax
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Time required to change Cj.- Inspection of the time

histories leads to an assumption of 2 seconds for the
time required to increase ¢Cyp from the value used in the
anproach to the maximum valué used in the flare and

1 second. for the time required to reduce ¢p to the

value for steady level flight at the end of the flare.

Examples of theoretical calculations.- & theoretical
flare time history based on the assumptions for vertfcal.
velocity, excess speed, and time required to change Cy is
shnown as condition (a) on figure 31. The value of L/D
used is based on the approach angle as determined by the
rate of descent and. anproach velocity. Glide tests made
at altitude with the same power and flap settings (see
fig. 30) gave a value in good agreement with this value
and showed the ©1/D to be nearly constant over the full
range of lift coefficients used in the flare. FoOr com-
parison with the theoretical time history, values taken
from the sxperimental data of figures 6 and. & have been
plotted on the figure,

In order to show the extent to which the pilots' use
of a value of ¢ less than CLmax affects the path, a

T
theoretfcal time history for the same approach conditions
but with the entire flare made at Copny 18 given in

figure 31 (condition (b)).

Because the margins of speed snd lift coefficient
found in these tests are consistent with those experienced
with airplanes of lighter loading, it is believed that
the effect of a moderate further increase in loading can
be calculated with fair accuracy. In order to illustrate
the application of the theoretical treatment to higher
wing loadings, the same assumptions as used In condi-
tion {a) of figure 31 for vertical velocity, excess speed,
Gy and time required to change ¢; have been applied

to a hypothetical airplane with 50 percent higher loading.

The resulting time history is shown as condition (e) in
the same figure.

Possible variation of assumptions.~- The applicability
of the assumptions Dased, on these tests to any particular
case is conditioned by the following considerations:
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The maximum practicable rate of descent will vary
gomewhat according to the degree of experience and ability
of the pilot.

The percentage of excess speed needed in the approach
may be reduced slightly with further increase in loading,
since the vertical velocity to be checked will not be
fncreased further. This result follows from the fact
that, when the vertical velocity is assumed to increase
in proportion to the loading, the percentage of excess
speed required remains constant.

The maximum lift coefficient reached in the flare
will vary with the pilots' experience and conservatism.
The pilot, in addition, must allow a greater margin if
he is flying an airplane that rolls unexpectedly, has a

rapid decrease in LD as the stall is approached, or
otheirIW|se has unfavorable characteristics at or near the
stall,

The 2-second interval used to reach the maximum
value of C attained In the flare has previously been
observed with airplanes of lower loading than the air-
plane used in the present tests and widely different
general characteristics. Since the records of elevator
movement show that only a fraction of the available eleva-
tor travel is used, the length of the interval appears
to be determined by the preference of the pilot rather
than by any limitation of available pitching moment.
Since these data include landings made by three different
pilots, the value would seem to be reasonably general.

The time used to reduce c. Lo that for steady level
flight at the end of the flare”Varied more than any other
factor. This result might be expected since this period
provides the final opportunity to correct for errors or
the effect of unpredictable changes in wind conditions.
In some cases the flare was terminated by ground contact
without the need of the 1-second period of adjustment,
but thfs termination cannot be counted upon as a regular
procedure following: an abrupt flare. The chief effect
of the period. of adjustment used in ending the flare is
to increase the horizontal distance consumed; the effect
of this period of adjustment on the height at which the
the flare must be started is negligible.
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Technique for shortest total landing run.- It should
-»t be& taken Tor granted that the use of the maximum value
~. rate of descent which the pilot is willing to use will
@esult in the shortest practicable landing. Inspection
of the data obtained indicates that the shortest total
distance from a height of 50 feet t0 a stop, even under
emergency conditions, will be obtained by the use of more
nower, and hence lower vertical velocity, than the amount
which corresponded to what the pilots considered reasonable
limitations. The use of more power and lower vertical
velocity shows two advantages: (d1)greater accuracy in
completing the flare and (2) lower speed at the end of
the flare. The exact point at which the effect of these
advantages ceases to offset the effect of the flattening
of the glide path would, of course, be very difficult to
determine even for a given airplane, pilot, and runway
surface.

Ground Run

The data presented for the ground runs have not been
analyzed in detail but examination indicates that treat-
ment similar to that given in reference 1, including the
2-second transition time between ground contact and brake
application (used in the examples), would provide reason-
able values for the length of the shortest possible ground
run. The experience gained in the tests served, however,
to emphasize the fact that maximum braking i s strictly an
emergency procedure rather than a practicable routine
procedure and that the brakes must be in proper condition
if such a stop is to be made, During the second series
of tests an unequal braking action existed, the cause of
which was not determined and corrected until after
landing 1l.

The brakes showed a lag of approximately 1 second upon
initial application. Since the pilots do not apply the
brakes prior to nose-wheel contact with an airplane of
this type (particularly when the nose is already descending
rapidly), the effect of this lag is to increase the minimum
length of run by about 150 feet.
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CONCLUSIONS

Flight tests, which were made to verify an analysis
of the effect of wing Loading on the landing flare (the
leveling-off part of a landing), Indicated the following
conclusions:

1, Considerations of safety and accuracy limit the
rate of descent used in the landing approach to about
25 fest per second.

2. Vhen the wing loading and lift-drag ratio are such
as to prod-uce a value in excess of 25 feet per second in
a power-off glide at the minimum speed considered safe,
the rate of descent is reduced to 25 feet per second or
less by application of power by the pilot.

%2, For the 3-26 airplane operated at a wing loading
of 50 pound,. per square foot, the height at which the
nilot must begin the flare, the horizontal distance from
50 feest altitude to the end of the flare, and. the excess
speed at ground contact can be determined satisfactorfly
by simple calculations based on a rate of descent of
25 feet per second and including normal speed, time, and
lift-coefficient margins.

i, The results obtained in the investigation are
believed to be applicable for calculations of the effect
on the approach and flare path of further increases in
wing loading.

Langley Matorial Aeronautical Laboratory _
National Advisory committee for Aeronautics
Langley Field, Va.
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»plane; landing 13, 1941 series.

B-26 airp

Figure 4.- Time history of landing approach and flare.



B0

T45A

=4

T a W AS E

]

orifact | Ged

lane; lapding 6, 1942 series.

E-26 airp

roach and flare.

\._a'

re ristory of landin:

Figure 5.- o

. )
: w
m G
d
. Ol
£
o~ s 2 =
(@) : g mw
“ - &= ; In}.m”
- : : ; vE N
0 , 1 1
(@) 5 i ! ! Fid
= e = , )
o T Qg
o L g
< 3 : T
< AT EEE ol o judo o]l
M i B R i ARAHOZ 0
=
L]
Y 3 £ 3




Fig.

L4k07

NACA ARR No.

4
b

k%)\o‘{k‘

T
Lag \\
i v
- o o ~
=5 o
3 \ 5
JARE A
-
e,
+|
9
8 xod
g
arf
q
RIS S e)
sl
Eice p =
210 9 4 2
FHEE 5 E
S5 5 =]
L _,
, mm M5 o
TTofe P9 P
,m Jol

-

erles,

rplane; landing 7, 1942 ¢

history of landing approach and flare. 6-26 a

ine

T

4
O¢=

Figure



ey -y

i,

3
O

s H=T

[o}e]
i
!

12 series.

1
L

T
b~

1o

™

|
s S |
~.

.

_—
mFact

L4KO07

NACA ARR No.

S
.
s

o

]
¢

R 3.8 B NS §
n

T
~J
ek

-

-Timle

1

kol o
T

i

peed

e

=

Ver it

ortichl velodity

Idn

i

——| AP
VA

1A0)
o o

v

T Uado [Ty toesd | b V OS] 5 .
1 peod gy} | TuPLDAB}3000 JDYUUON , peegs iy DOUDLSIP [ DILURE T |

-
Q




Fig.

L4KO7

NACA ARR No.

B-26 airplane; landing 12, 1942 series.

Figure ‘8,= Time tistory of landing approach and flare.
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Figure 31,- Theoretical time histories of landing flares for several conditions,
with experimental data for comparison.
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